Gibberellins A 1=3 (GA 1=3 ) and GA 20 appeared earlier in surrounding tissues (pericarps/carpel/placenta) than in developing seeds of morning glory. The content of GA 1=3 became higher in seeds than in the surrounding tissues at 9 days after anthesis (DAA), while that of GA 20 stayed lower in seeds even at 12 DAA, suggesting the possibility that GA 20 was translocated into seeds from the surrounding tissues and converted to GA 1=3 . The site of biosynthesis of GA 20 in the fruits was determined by RNA-blotting and in situ hybridization of GA 20-oxidase genes (InGA20ox1, InGA20ox2). InGA20ox1 was not expressed in the surrounding tissues but in seeds, while no signal due to InGA20ox2 was detected in neither tissue. The expression of InGA20ox1 started in the seed coat near the hilum and spread in the seed coat like those of GA 3-oxidase and GA-inducible -amylase genes. These observations suggest that GA biosynthesis is tissue-specifically and time-dependently regulated in the fruit of morning glory.
Gibberellins (GAs) participate in the regulation of various phenomena of the plant life cycle. The physiological roles of GA in seed germination have been extensively studied in both monocotyledonous and dicotyledonous plants, [1] [2] [3] [4] [5] [6] while the roles of GA in developing seeds remain obscure, although the occurrence of a large amount of GAs has often been reported in developing seeds of some dicotyledonous plants.
Previously we reported the possibility that GA contributes to the development of cotyledons in developing seeds of morning glory through the induction of -amylase based on immunohistochemical analysis of GAs and GA-inducible -amylase (InAmy1), which showed that both active GAs and -amylase were colocalized around starch grains in the integument. 7) We showed that both InAmy1 and InGA3ox2, a GA 3-oxidase gene, were expressed periodically, and sitespecifically overlapped in the seed coat, an outer tissue adjacent to the integument, by in situ hybridization experiments, 8) and suggested that GA 1=3 , which are major active GAs in the seeds, were synthesized in the seed coat and induced GA-responsible InAmy1 there, and both GAs and InAmy1 were secreted to the integument. In the in situ experiments, we noticed that expression of the InGA3ox2 and InAmy1 started at the hilum, where the seed attaches to the peduncle, and that they gradually spread over the seed coat. This suggested that some signals moved into the seed coat through the hilum and initiated the expression of InGA3ox2.
The typical biosynthetic pathway of GAs in plants is shown in Fig. 1 . Biologically active GAs like GA 1=3 are metabolized from GA 20 by GA 3-oxidases, to which InGA3ox2 belongs. Then we focused on the upstream of active GAs, GA 20 , and GA 20-oxidases, which are responsible for the formation of GA 20 , to obtain clues concerning the signal molecule which triggers the expression of InGA3ox2. GA 20-oxidases are also categorized to a member of the dioxygenase family, as GA 3-oxidases are. At least five GA 20-oxidase genes exist in the Arabidopsis genome, 9) and in addition many GA 20-oxidase orthologous genes have been isolated from various plant species such as lettuce, 6) pea, 10) rice, 11) tobacco, 12) watermelon, 13) and so on. But no GA 20-oxidase genes have been isolated from morning glory.
In this study, we analyzed the distribution of GA 20 , a precursor GA of GA 1 and GA 3 , in seeds, and in surrounding tissues, and then we cloned the genes encoding GA 20-oxidases from developing fruits of morning glory. Finally, we examined the expression patterns of the GA 20-oxidase genes by RNA-blot analysis and in situ hybridization.
Materials and Methods
Plant material. Twenty to 25 morning glory (Ipomoea nil Choisy cv Violet, I. nil) seeds were sown in a planter after imbibition for about 20 h. Plants were grown in a y To whom correspondence should be addressed. Fax: +81-3-5841-8025; E-mail: nkjm@pgr1.ch.a.u-tokyo.ac.jp Abbreviations: DAA, days after anthesis; DIG, digoxigenine; GA n , gibberellin A n ; GA n -Me, methyl ester of GA n ; GC/MS, gas chromatography/ mass spectrometry; GST, glutathione-S-transferase; In, Ipomoea nil; PCR, polymerase chain reaction; PAGE, polyacrylamide gel electrophoresis; RACE, rapid amplification of cDNA ends cultivation chamber at 25 to 27 C with alternating continuous fluorescent light (13 h) and continuous dark (11 h ). The developing seeds were harvested about 2 months after sowing, and used in various analyses. The developing fruits used for RNA-blot analysis or immunoassay of GAs were divided into two parts, seeds and remainder containing pericarps, carpel, and placenta, and then frozen in liquid nitrogen.
Evaluation of endogenous GA 1=3 and GA 20 . Samples from the 6-, 9-, and 12-DAA fruits (each 5 to 10 fruits) were homogenized in 80% (v/v) methanol. Each extract was applied to a Sep-PakÔ cartridge C 18 column (Waters, Milford, MA) and eluted with 80% (v/v) methanol. The resulting eluates were subjected to reverse-phase HPLC using a PEGASILÔ ODS (6 mm i.d. Â 150 mm, Senshu, Tokyo, Japan) according to the previous method. 7) Each fraction was methylated with diazomethane, dried in vacuo, dissolved in 1 ml of 5% (v/v) methanol, and subjected to radioimmunoassay (RIA). The procedure for RIA was as follows: (i) 100 ml of fractionated solution described above was added to the glass tube for RIA; (ii) 400 ml of 1/10-diluted bovine serum solution in phosphate-buffered saline (PBS) containing tritium-labeled GA 4 -Me or tritium-labeled GA 20 -Me (166 bq per assay, tritium-labeled GA 4 -Me was used for the quantification of active GA 1=3 and tritium-labeled GA 20 -Me for that of GA 20 ) was added to the tube; (iii) 100 ml of 1/20,000-diluted anti-GA 1 -Me antiserum 14) in PBS or 1/5,000-diluted anti-GA 20 -Me antiserum 15) in PBS was added to the tube; (iv) incubation at 4 C overnight after vigorous mixing; (v) 750 ml of saturated ammonium sulfate was added to the tube and mixing followed by incubation at 4 C for 30 min; (vi) centrifugation (2;000g, 20 min, 4 C) and discarding of the supernatant; (vii) 1 ml of 50% (v/v)-saturated ammonium sulfate was added to the tube and mixing; (viii) centrifugation (2;000g, 20 min, 4 C) and discarding of the supernatant; (ix) 100 ml of water and 1 ml of scintillator (ACSII scintillation cocktail, Amersham Biosciences, NJ) were added to the tube and evaluation of radioactivity with a scintillation counter (Aloka, Tokyo, Japan). C linear gradient at 15 C min À1 ; He flow: 1 ml min À1 ; ionization: EI (70 eV). The identification of each GA derivative was made by comparing its MS and Kovats retention index (KRI) 16) to the authentic compound.
Preparation of cDNA and cloning of full-length GA 20-oxidase genes. cDNA from the developing fruit of I. nil was prepared according to the method described previously. 7, 8) PCR reaction was performed using cDNA as template, using the following degenerate primers synthesized based on the well-conserved sequence of known GA 20-oxidases: forward primer, 5 0 - GGPP, trans-genanylgeranyldiphosphate; CDP, ent-copalyl diphosphate; CPS, CDP synthase; KS, ent-kaurene synthase; KO, ent-kaurene oxidase; KAO, ent-kaurenoic acid oxidase; GA20ox, GA 20-oxidase; GA3ox, GA 3-oxidase.
CTNCCDTGGAARGARACHCTBTCYTT-3
0 ; reverse primer, 5 0 -GTTGGRTCRCARTGRGGNCCWGTNCC-3 0 . The conditions for the reaction were the same as described previously.
8) The PCR products were purified by 1.5% (w/v) agarose gel electrophoresis, and their nucleotide sequences were determined with a DNA sequencer (SQ5000E, Hitachi). Full-length cDNAs were obtained by 5 0 -and 3 0 -RACEs with the following primers: primary primer for 5 0 -RACE of InGA20ox1,
0 . The PCR reaction for RACEs was initiated by heating to 94 C for 3 min, and subjected to 30 cycles of 94 C for 30 sec, 67 C for 45 sec, and 72 C for 2 min. The reaction was completed with a 7-min incubation at 72 C.
RNA-blot analysis. Total RNAs from developing fruit of various developmental stages and from various tissues such as leaf, root, stem, and developing seeds were extracted according to the method described previously. 7) Ten micrograms of total RNA from each tissue was electrophoresed with 1% (w/v) agarose gel containing 5% (v/v) formaldehyde, and transferred to a nylon membrane (Hybond-N þ , Amersham Biosciences). RNA probes for full-length InGA20ox1 and InGA20ox2 were prepared with a DIG RNA labeling kit (Roche, Basel, Switzerland), and 1/1,000-to 1/2,000-diluted probes in the hybridization buffer shown by the manufacturer's protocol were used in the experiment. The procedures for hybridization and detection were the same as those described previously.
7)
Preparation of recombinant InGA20ox1. The cDNA for the recombinant InGA20ox1 to be inserted into pGEX-4T-2 vector (Amersham Biosciences) was prepared using the following PCR primers: forward primer, 5 0 -GTGGATCCATGGCGATTGAATGTGTGACCAC-3 0 ; reverse primer, 5 0 -CCCCTAGGGGGGTGGGTTG-CATGGGGGG-3 0 . After being purified, the cDNA was inserted into the BamHI site of the vector. The pGEX plasmid harboring the InGA20ox1 ORF region was used to transform E. coli BL21(DE3)pLysS-competent cells (Stratagene, CA) according to the manufacturer's protocol, before selecting the colonies on an LB plate containing 1.5% (w/v) agar and 100 mg ml À1 ampicillin.
A single colony was selected and grown overnight at 37 C. A 2.0 ml-aliquot of the culture was inoculated into 100 ml of fresh LB broth containing 100 mg ml À1 ampicillin and 2% (w/v) glucose, and shaken at 26. 5 C. When cell density (OD 600 ) reached 0.6, the fusion protein was induced by removing glucose by centrifugation (1,000g, 2 min) followed by the addition of isopropyl--D-thiogalactoside to 0.3 mM. After 5 h of incubation, the cells were collected by centrifugation (10;000g, 10 min), and resuspended in 10 ml of DW containing 1 mg ml À1 lysozyme. After 10 min of incubation, the suspension was frozen and kept at À80 C overnight, thawed in water, chilled on ice, and sonicated. Soluble proteins were collected by centrifugation (10,000g, 10 min) and stored at À80 C.
Enzymatic assay. The reaction mixture was prepared by adding about 5 mg of crude soluble protein into 50 ml of 100 mM Tris-HCl (pH 7.6) containing 4.0 mM 2-oxoglutaric acid, 0.5 mM ferrous sulfate, 4.0 mM ascorbic acid, and 1 mg of GA 12 or GA 53 , substrates of GA 20-oxidase. After 1-16 h of incubation at 30 C, the enzymatic reaction was terminated by adding 10 ml of 1 M acetic acid. The solution was applied to a Sep-PakÔ cartridge C 18 column (1 ml, Waters), and the column was eluted with 3 ml of DW and 2.5 ml of methanol, successively. The methanol eluate was dried in vacuo and concentrated. The metabolite(s) of GA 12 were methylated with CH 2 N 2 and subjected to GC/MS, and those of GA 53 were methylated and trimethylsilylated prior to GC/MS. GA 15 and GA 44 were identified by comparing their MS and Kovats retention indices 16) to authentic ones.
In situ hybridization. One-fifth of each developing seed of morning glory was cut off with a razor to speed subsequent fixation, and then the remains were fixed in an FAA solution [5% (v/v) formaldehyde, 50% (v/v) ethanol, and 0.9 M acetic acid] at 4 C overnight, dehydrated with ethanol and xylene, and embedded in paraffin according to the previous method. 7, 8) Sections 10 mm thick were prepared, transferred onto slide glasses (ProbeOn PlusÔ microscope slide, Fisher Scientific, PA), and dewaxed. They were treated with 2 mg ml À1 proteinase K solution at 37 C for 30 min, and acetylated in DW containing 1.3% (v/v) triethanolamine and 0.6% (v/v) acetic anhydride at room temperature for 10 min before hybridization in a probe solution. The DIGlabeled riboprobe for InGA20ox1 was prepared with a DIG RNA labeling kit (Roche) and both T7-and SP6-RNA polymerases, according to the manufacturer's protocol. Hybridization was done at 50 C overnight in a solution consisting of 55% (v/v) formamide and 45% (v/v) 1 mM Tris-HCl (pH 8.0) containing 0.3 M NaCl, 0.1 mM EDTA, 1Â denhard's, 10% (w/v) dextran sulfate, and 1 to 5 mg ml À1 RNA probe. The hybridized samples were treated with 20 mg ml À1 RNase A solution at 37 C for 30 min and washed twice in SSC solution at 50 C for 20 min, and hybridized probes were made visible with the same antiserum and substrate as used for the RNA-blot analyses described above. 7, 8) 
Results and Discussion
Localization and fluctuation of GA 1=3 and GA 20 in seeds and surrounding tissues
The developing fruit of morning glory was separated into two parts, seed (sample A), and the remainder (sample B), including pericarps, carpel, and placenta ( Fig. 2A) . GA 1=3 in each part were semi-quantitatively analyzed by immunoassay using anti-GA 1 -Me-antiserum after pre-purification by reversed phase HPLC. 14) GA 20 was similarly analyzed using anti-GA 20 -Me-antiserum. 15) An immunoreactive peak attributable to GA 1=3 from its t R (23-24 min) on HPLC was clearly observed in extracts both from sample A and sample B of 6-12 DAA (Fig. 2B) when analyzed with the anti-GA 1 -Meantiserum, while an apparent immunoreactive peak attributable to GA 20 (t R 25-26 min) was observed only in the extract from sample B when analyzed with the anti-GA 20 -Me-antiserum. The existence of GA 20 in the immunoreactive peak at t R 25-26 min was confirmed by full-scan GC/MS after its derivatization to methyl ester- in the seeds has previously been reported. 7) In the semi-quantification of GA 1=3 (Fig. 2B ), these GAs appeared in sample B earlier than in sample A, but increased more rapidly in sample A than in sample B reflecting that the biosynthesis of these GAs became very active in seeds. At 9 DAA, the level of GA 1=3 in sample A overwhelmed that in sample B. In the semi- A, Developing fruits of morning glory were divided into seeds (sample A) and remainder (sample B). Sample B contains pericarps, carpel, and placenta. Se, seed; Pe, pericarp; Ca, carpel; Pl, placenta. B, GA 1=3 and GA 20 were extracted from sample A or sample B at 6-to 12-DAA, fractionated by reverse-phase ODS-HPLC, and quantified by radioimmunoassay at per fruit base by using two antisera, each of which was specific to the methyl ester derivative of GA 1=3 or to that of GA 20 . Immunoreactive peaks in (a) (b) (c) (g) (h) (i) are due to GA 1=3 (retention time, 23 to 24 min; identified by GC/MS), and those in (d) (e) (f) (j) (k) (l) are due to GA 20 (retention time, 25 to 26 min; identified by GC/MS). (a) to (f), sample A; (g) to (l), sample B. (a) (d) (g) (j), 6-DAA; (b) (e) (h) (k), 9-DAA; (c) (f) (i) (l), 12-DAA. quantification of GA 20 , the level of this GA in seeds (sample A) was maintained very low, and became noticeable at 12 DAA, while it was clear already in sample B at 6 DAA. The fluctuation pattern of GA 1=3 was quite different from that of GA 20 in seeds (sample A), while the patterns of both GA 1=3 and GA 20 were very similar in sample B.
From the observations mentioned above, two explanations are possible for the fluctuation of GAs in sample A (seeds). The first possibility is that GA 20 was biosynthesized in seeds soon after 6 DAA and rapidly converted into GA 1=3 . If the biosynthesized GA 20 were quickly delivered to GA 3-oxidases to be converted to active GAs like GA 1=3 at the same site, it might happen to fail to detect GA 20 in sample A. The second possibility is that GA 20 is biosynthesized in organs of sample B or elsewhere, then moved to seeds, and converted to GA 1=3 . In the latter case, the expression of GA 20-oxidase genes should not be detected in sample A, and it is possible that GA 20 might be one of the candidates for signal molecule to activate GAbiosynthesis or the expression of other related genes in seed. Hence we performed in situ hybridization of GA 20-oxidase genes to identify the site of biosynthesis of GA 20 at an early developmental stage of the fruit.
Cloning of gibberellin 20-oxidase full-length cDNAs of I. nil
To confirm whether GA 20 was biosynthesized in seeds, we performed in situ hybridization analysis. Since no information was available for the GA 20-oxidase genes in I. nil, we isolated GA 20-oxidase genes expressed in the developing seeds of I. nil. A pair of degenerated primers was designed based on the wellconserved sequences of known GA 20-oxidase genes in dicotyledonous plants. 6, 9, 10, 13, 17) Using these primers, PCR fragments were obtained from the cDNAs prepared from a mixture of the developing fruit at various growth stages (3-24 DAA). After 5 0 -and 3 0 -RACEs, we cloned two full-length cDNAs designated InGA20ox1 (1.4 kb, accession no. AB099488) and InGA20ox2 (1.4 kb, accession no. AB099489).
InGA20ox1 cDNA encodes a polypeptide of 381 amino acid residues, and InGA20ox2 encodes a polypeptide of 386 amino acid residues. The identity of these polypeptides is about 77%, suggesting a high degree of similarity, while the identities with other known GA 20-oxidases (GA20oxs) are about 50-70%. 6, 9, 10, 13, 17, 18) The deduced amino acid sequences of InGA20ox1 and InGA20ox2 include putative 2-oxoglutarate binding sites (226-232 AAs in InGA20ox1 and 232-238 AAs in InGA20ox2) and ferrous ion-binding sites (243, 245, and 300 AAs in InGA20ox1 and 249, 251, and 305 AAs in InGA20ox2), suggesting that both polypeptides are 2-oxogultarate-dependent dioxygenases like other GA20oxs. [18] [19] [20] In a genomic DNA-blot analysis using the probe for InGA20ox1, three to five bands were observed in each digest of the genomic DNA with EcoRI, HindIII, or KpnI, suggesting that some homologous genes other than InGA20ox1 and InGA20ox2 exist in the I. nil genome (data not shown).
RNA-blot analysis of InGA20ox1 and InGA20ox2
To analyze the expression pattern of InGA20ox1 and InGA20ox2 in various organs and in developing seeds, the digoxigenin(DIG)-labeled RNA probes specific for each GA20ox gene were prepared. As shown in Fig. 3A , the signal for InGA20ox1 was detected only in developing seeds, while the significant signal of InGA20ox2 was detected not in the seeds, but in the leaves, stems, and flower buds. These results indicate that the expression of InGA20ox2 was very low and the accumulation of its mRNA was below the detection level in fruit.
Successively, the temporal expression patterns of both genes in developing fruit were examined and evaluated. Following the sampling procedure for the quantitative analysis of GAs, fruit collected at various developing stages was separated into two parts, samples A and B (Fig. 2A) , and submitted to RNA-blot analysis. The results are shown in Fig. 3B . As for sample A (seeds), the signal due to InGA20ox1 was detected faintly at 6 DAA, and then gradually increased in intensity up to 18 DAA, while no signal due to InGA20ox2 was detected at any stage tested (data not shown). The expression pattern of InGA20ox1 was very similar to those of InGA3ox2 and InAmy1. 7, 8) As for sample B, neither of the signals due to InGA20ox1 or InGA20ox2 was detected at any stage. Based on these observations, we conclude that InGA20ox1 was the major GA20ox gene expressed in the developing seeds, and that it was formed in the same tissues as InGA3ox2, 8) which means that GA 20 is formed in the seed coat and smoothly A. Spatial expression pattern of InGA20ox1 and InGA20ox2. Total RNA (10 mg) extracted from each organ was blotted onto a nylon membrane and hybridized with a DIG-labeled antisense probe for InGA20ox1 or InGA20ox2. L, leaf; R, root; St, stem; FB, flower bud; DS, developing seed. B, temporal expression pattern of InGA20ox1. Only seeds (sample A) and the remainder (sample B) were collected separately from 6-to 18-DAA fruits. Total RNA (10 mg) was extracted from each part, blotted onto the nylon membrane, and hybridized with the antisense probe for InGA20ox1.
converted to GA 1=3 there, although the detection of GA 20 in sample B at a higher level than in sample A is not well explained (Fig. 2B) . Since GA 1=3 and GA 20 appeared later in seeds (sample A) than in sample B, it is improbable that GAs produced in seeds were translocated to the surrounding tissues. These GAs might be biosynthesized in both seeds and surrounding tissues, although the mRNA levels of the related genes were undetectably low.
Function assay of recombinant InGA20ox1
The recombinant InGA20ox1 fused to a GST tag was prepared using an E. coli expression system, and its function was assayed. SDS-PAGE of the lysate of cells expressing InGA20ox1-GST showed a major band at about 70 kDa, corresponding to the deduced molecular mass of the recombinant protein (Fig. 4, lane 2) . The band was not observed in the lane of the lysate of the cell expressing the simple tag protein (Fig. 4, lane 3) . Function assay was carried out using the two lysates. Only the lysate containing InGA20ox1-GST protein showed enzymatic activity. As shown in Fig. 1 18) one that produces tricarboxylic GAs and another that produces C 19 -GAs. Since we could not detect the conversion to C 19 -GAs, we could not assign the type of InGA20ox1 conclusively.
In situ hybridization of InGA20ox1 mRNA Since we have confirmed that InGA20ox1 was expressed in seeds, but not, or at undetectably low levels in other organs in sample B (Fig. 3B) , we examined the expression sites of InGA20ox1 in the seed by in situ hybridization, and compared the results with the expression patterns of InGA3ox2 and InAmy1. As shown in Fig. 5 , staining due to InGA20ox1 mRNA was first observed in the seed coat near the hilum at 9 DAA and gradually expanded to the entire seed coat by 15 DAA (Fig. 5a-d) . Specific staining was not observed in any site other than the seed coat during this period. The observed expression pattern of InGA20ox1 coincided with those of InGA3ox1 (Fig. 5i-l) and InAmy1 (Fig. 5q-t) . These results suggest that expression of InGA20ox1, InGA3ox2, and InAmy1 occurred at the same site without any apparent time lag.
In situ hybridization was carried out using the thin sections of whole fruits, which facilitated an overview of the sites of expression of InGA20ox1. A signal due to InGA20ox1 mRNA began to appear in the seed coat near the hilum of the fruit at 12 DAA (Fig. 6b) , while no signal was visible in control staining (Fig. 6d) at this maturation stage. On the other hand, we have noticed that the content of GA 20 in the growing fruit of morning glory rapidly increased at stages later than 16 DAA. 15) The rapid increase in GA 20 in the fruit at later stages suggests that biosynthesis of GA 20 is induced in tissues other than the seed coat when cotyledons are well formed. The site where the signal for InGA20ox1 gene expression began to appear is thought to be the influx port of assimilation products.
The expression patterns of InGA20ox1 and InGA3ox2 suggest the possibility that some stimulants translocated into the seed coat through phloem trigger the expression of these GA-biosynthesis-related genes. There is also another possibility, that the age of the cells of the seed coat trigger their expressions, because the expression of these genes appears to depend on the degree of maturation of the fruit. We have no clue to evaluate these possibilities at present, and further study is required to clarify how the expression of these genes is initiated in the seed coat.
The importance of GA in the growth of several organs of fruits has been reported frequently. Swain et al. reported that transgenic Arabidopsis ectopically expressing a pea GA2ox gene lowered the level of active GAs and resulted in a reduction of silique length, pollen tube growth, and number of fertilized seeds. 21) On this genetic background, the lack of GAR2 or RGA, which The recombinant InGA20ox1-GST and GST protein were obtained as crude extracts and purified with SDS-PAGE. In the InGA20ox1-GST fraction (lane 2), a major band at 70 kDa, which corresponded to the deduced molecular mass of the fusion protein, was observed (arrow), while this band was not detected in the control fraction containing GST protein (lane 3). Marker proteins were loaded onto the left lane (lane 1), and each molecular mass is indicated.
are members of the DELLA proteins and negative regulators of GA signaling, restored the silique length to a level comparable with that of wild-type plants. The restoration was apparent especially in the plants lacking GAR2. As well as the report by Swain et al., our findings of GA 1=3 and GA 20 in sample B, which contained pericarps, carpel, and placenta, suggest that GA plays important roles in these organs too, although our in situ and RNA-blot experiments showed that the expression of GA20ox genes was undetectably low or missing in these tissues. This suggests that another active biosynthetic site exists near the tissues, or that GA20ox and GA3ox accumulated in the tissues of sample B regardless of the low accumulation of mRNAs in them. The possibility of translocation of GAs from integument to tissues in sample B appears improbable, because the level of GA 20 in seeds (sample A) was much lower than that in sample B, and both GA 1=3 and GA 20 appeared earlier in sample B than in sample A. Since expression analysis of genes like CPS that encode the enzyme working at earlier steps of GA-biosynthesis might give new information, we plan to carry out expression analysis of these genes as well as feeding experiments with radioactive GA 20 to investigate its translocation. The top row shows staining with antisense probe for InGA20ox1, and the second row from the top shows the control staining with sense probe for InGA20ox1. The third row from the top shows staining with antisense probe for InGA3ox2, and the fourth row shows the control staining with sense probe for InGA3ox2. The fifth row from the top shows the staining with antisense probe for InAmy1, and the bottom row shows the control staining with sense probe for InAmy1. Arrows indicate specific staining due to InGA20ox1 [(b) (c) (d)], to InGA3ox2 [(j) (k) (l)], or to InAmy1 [(r) (s) (t)] mRNA. (a) (e) (i) (m) (q) (u), 6-DAA; (b) (f) (j) (n) (r) (v), 9-DAA; (c) (g) (k) (o) (s) (w), 12-DAA; (d) (h) (l) (p) (t) (x), 15-DAA. SC, seed coat; I, integument. Bar is 1 mm. The white square in (d) means enlargement of the red square. Bar is 50 mm. 
